being brothers from a different family, one with gouty arthritis (G.H.), the other asymptomatic (K.H.), but both with very severe deficiencies approaching those found in most cases of the LeschNyhan syndrome.
The Lesch-Nyhan syndrome is a familial disease which is inherited in a way suggesting an X-linked character (Nyhan, Pesek, Sweetman, Carpenter, and Carter, 1967) . Enzyme levels in erythrocytes from other members of the two families were also studied in a search for affected individuals. Gartler, Scott, Goldstein, Campbell, and Sparkes (1971) have reported a convenient method for detecting heterozygotes by enzyme assays on hair follicles; this method was also used to search for heterozygotes in the two families.
Methods ENZYME ASSAYS (i) HGPRTase and adenine phosphoribosyltransferase (APRTase) in erythrocytes These activities were assayed in dialysed haemolysates according to Kelley and others (1967) . The substrates used were 8-C-14 hypoxanthine (0-66 mmol/l, 5 0 mCi/mmol) or 8-C-14 adenine (0-66 mmol/l, 4 5 mCi/mmol) (obtained from Radiochemical Centre, Amersham, Bucks.). Reaction products were separated by high voltage electrophoresis on filter paper, or by ascending chromatography in 10% (w/v) Na2HPO4. 12H20. The nucleotide product was located in ultraviolet light, and then the strips were scanned in a Packard Model 7201 chromatogram scanner. The strip was then dissected into 1 cm segments transverse to the direction of migration and assayed for radioactivity using a Packard model 3320 liquid scintillation spectrometer. The scintillation fluid contained 0 5 % (w/v) PPO (2,5 diphenyloxazole) and 0 05% (w/v) POPOP (1,4 bis 2-(5-phenyloxazolyl)benzene) in toluene. For the determination of low levels of enzyme activity the assay was modified as follows. The erythrocyte protein used per incubation was increased tenfold to about 3 mg, and a higher specific activity substrate (8-C-14-hypoxanthine, 51 2 mCi/mmol, obtained from N.E.N. Chemicals, Mannheim, Germany) was used. The reaction products were separated by high voltage electrophoresis on paper or on cellulose acetate membranes (Oxoid or Shandon Cellogram strip), the latter being found to give far better separation. Blanks were prepared by omitting phosphoribosylpyrophosphate (PRPP) from the reaction mixtures. On electrophoresis these blanks showed migration of isotope to the position expected for inosinic acid (inosine 5'-monophosphate, IMP), usually amounting to 0 05-0-10% of total radioactivity. Of this, about 0-05 % was present as impurity in the original isotope.
(ii) HGPRTase and APRTase in hair follicles These were assayed by the method of Gartler and others (1971) . Approximately 20 follicles were plucked from the scalp of each subject and immediately placed in a buffer solution (30 pl) and frozen. The composition of this buffer solution was 0 25 mol/l tris-HCI, pH 7i4; 0i02 mmol/l MgCI2; 0-005 mg/ml bovine serum albumin; 1 6 mg/ml benzyl penicillin, and 1-6 mg/ml streptomycin base. After freezing and thawing three times the samples were transferred to a water bath at 37°C and the reaction started by the addition of substrate. The substrate solution contained 0-625 mmol/l 2-H3-adenine of specific activity 500 mCi/ mmol (5 pl); 1-91 nimol/l 8-C-14 hypoxanthine (5 ,l), and 0-6 % (w/v) dimagnesium PRPP 10 ul (P-L Biochemicals, Inc., Milwaukee, Wisconsin). The reaction was stopped after 1 h by the addition of 0-2 mol/l EDTA (10 ,ul). Blanks were prepared without the addition of PRPP. The reaction products were separated by ascending chromatography on polyethyleneimine cellulose thin layer plates (MacheryNagel PEI Cell 300 UV254) with water as solvent. The chromatograms were scanned in a Packard model 7201 chromatogram scanner, the products transferred to scintillation fluid, and counted for 3H and 14C. (iii) Purine (Liddle, Seegmiller, and Laster, 1959) . Urinary hypoxanthine and xanthine were measured by an enzymatic conversion to uric acid (Klinenberg, Goldfinger, Bradley, and Seegmiller, 1967 Table I . Blood urea was 25 mg/100 ml (4-1 mmol/ 1). Creatinine clearance 130 ml/min, intravenous pyelogram normal. IQ was 85, psychological grading being expressed as 'dull normal'. K.H., the brother of G.H., was born in 1958. Because of this relationship, plasma uric acid was estimated at the age of 11 years and was found to be raised. He admitted to no symptoms and was making satisfactory progress at school. On examination he was a rather chubby prepubertal boy with no neurological or other abnormalities. EEG was within normal limits. IQ was 91, psychological grading being 'average intelligence'. Plasma and urinary uric acid levels are given in Table I . Blood urea was 30 mg/100 ml (5 mmol/1), creatinine clearance 105 ml/min, intravenous pyelogram normal. Both parents are alive and well, and there is no family history of gout or consanguinity. The family tree is shown in Fig. 2 Table II . Allopurinol produced a striking fall in plasma and urinary levels of uric acid, with a corresponding rise in urinary levels of xanthine and hypoxanthine, so that total purine excretion remained unchanged.
Erythrocyte enzymes Erythrocyte enzyme activities for the patients and members of their families are shown in Table I . Only three individuals (M.B., K.H., and G.H.) had severe deficiencies. The values for three female relatives of the affected individuals presumed (from hair follicle assays described below) to be heterozygous for HGPRTase deficiency are also shown in Table I (Fig. 2) . Only the individuals with severe HGPRTase deficiencies showed raised erythrocyte APRTase levels; those for all other subjects being within the normal range.
The values given in Table I Fig. 3 .
In most reaction mixtures a third labelled compound was also present, with an electrophoretic mobility between hypoxanthine and IMP (Fig. 3) . It was probably inosine because it was found to co-electrophorese with tritiated inosine. Under standard reaction conditions the labelling of inosine was very weak, but in reaction mixtures to which larger amounts of haemolysate were added, as in the determination of very low HGPRTase activities, the labelling was more pronounced, usually amounting to about 7 % of the total counts. However, this labelling was not consistent, and sometimes it did not appear at all. Labelling of inosine appeared to be stimulated by PRPP (Fig. 3) , and addition of 0-6 mmol/l unlabelled inosine to the reaction mixture increased the labelling to about 20 % ofthe total counts present. This effect of unlabelled inosine occurred whether or not PRPP was present. The addition of 0-6 mmol/l inosine to a reaction mixture from G.H. also doubled the labelling of IMP, from 0-08 % to 0 16 % of the total counts. This may indicate a very slow conversion of are in italics in Table Ill . Of this group, the follicles with hypoxanthine to IMP through inosine, catalysed by APRTase activities above 130 pmol of AMP formed per PNPase and inosine kinase. Tritiated IMP was not con-hour (corresponding to HGPRTase/APRTase ratio, after verted to inosine in our reaction mixtures.
subtraction of blanks, of less than 0 1) are in bold type to PNPase was initially determined in 14 haemolysates identify them positively as HGPRTase-deficient. Follicles from healthy volunteers, and in 20 haemolysates from with ratios below 01 are not found in normal subjects gouty patients. The mean values were 1247 rmol uric acid (Gartler and others, 1971) , and three individuals are thereformed per mg erythrocyte protein per h, with an SD of fore identified as heterozygotes for HGPRTase-deficiency, 197 for the controls, and 1625 nmol with an SD of460 from on the basis of the presence of one or two HGPRTasethe gouty patients. Values for the subjects under study are deficient follicles. They are indicated in the family trees shown in Table I . Those from G.H. and K.H. were within (Figs 1 and 2) and consist of the mother of M.B., and the the normal range, while the value from M.B. was high but mother andsisterof G.H. and K.H. As already mentioned, within the gouty range.
the erythrocyte HGPRTase activity of P.H. is below the Enzyme levels in hair follicles, and detection of normal range of activities. heterozygotes HGPRTase activities for hair follicles taken from the Discussion three enzyme-deficient patients and some suspected The exact relationship of erythrocyte HGPRTase deheterozygotes are listed in Table III . The APRTase activi-ficiencies to the Lesch-Nyhan syndrome remains ties act as an internal standard of follicle size, serving to distinguish HGPRTase-deficient follicles from very small uncertain. A notable feature of the majority of these follicles, or from follicles damaged during collection patients is that they show a virtual absence of ery- (Gartler and others, 1971) . The HGPRTase/APRTase throcyte HGPRTase, whereas patients with a 'parratio is used to pick out results indicating HGPRTase-tial' rather than a complete deficiency tend to escape deficient follicles. Because of the low activity of many the devastating neurological and behavioural feafollicles, it was decided to select first those with APRTase tures of the full enzyme defect. activities greater than 81 pmol of AMP formed per hour, HGPRTase activity in erythrocytes from K.H. and and where the HGPRTase activity was within one stan- Kelley, Greene, Rosenbloom, Henderson, and Seegmiller (1969) , the four with neurological abnormalities had raised levels of APRTase, though they also had very low levels of HGPRTase. Cases with 'partial' deficiency of HGPRTase are usually found to have normal APRTase levels. However, in the present study, raised APRTase levels occurred (G.H. and K.H.) without neurological signs. The varying combinations of reported HGPRTase deficiencies, APRTase activities, and neurological symptoms now seem to rule out the possibility of such a simple connexion between the biochemical and clinical aspects of these disorders.
Studies of family B are consistent with the view that the Lesch-Nyhan syndrome is an X-linked disease transmitted through asymptomatic carrier females (Nyhan and others, 1967) , and it is highly probable that the two deceased brothers of M.B. had the Lesch-Nyhan syndrome. The hair follicle studies support this concept, although the frequency of demon- (Fujimoto and Seegmiller, 1970) . However, inosine also becomes labelled in HGPRTase-deficient fibroblasts, even in the presence of thymidine triphosphate (TTP), which inhibits enzyme 4 (Zoref, Sperling, and De Vries, 1974) .
In our experiments inosine did not arise from IMP, since addition of labelled IMP to reaction mixtures failed to produce labelled inosine. It appears that inosine becomes labelled through an exchange reaction catalysed by enzyme 2 (Kim, Cha, and Parks, 1968) hypoxanthine -8 j4C -a inosine -824C ribose-I -P phosphate hypoxanthine < inosine (endoqenous). 
